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ABSTBACT

A simple monitoring task was extended to eight hours to
achieve a higher realism in testing numan vigilarnce. An
extremely low stiaulus fregquency, the confinemert of the
subjects during the test run, and the scheduling of the
experiment from 10 f.m. to 6 a.m. were further tools to
create a more operational environment. Subjects were
treated in one of twc conditions, simulating a shiptorne
tactical radar display with precoded informatioan, to test a
currently operational shape coding mechanism (contrcl ccndi-
tion) fcr positive effects due to the addition of redundant
colour codes (experimental‘condition).

The results Jdid nct support the hypothesis «c¢f fpositive
effects in the experimental condition. In fact, the nuaker
of missed sigpnals was significantly higher in that ccndi-
tion. longer reacticn times in Dboth conditions were found
to be correlated to higher signal and display densities.

The following recommendations were made for furtter
research:

In the area oI mcnochroratic displays, the effects of
different, non-white c¢olours and changes in light character-
istics, e.g. luminance and saturation, should be compared
against those of standard CRT colour and light parameters.

For multichromatic displays, experiments invclving
secondary tasks or artificial stimuli should te conducted to
gain further evidence about the possibility of oferator's
*target fixation' during monitoring due to <certain coclours
¢r colour combinations. The importance of further research
in the area of 'underload'-situations is enphasized.
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A. CFERATICNAL SETTING

Tkte employment c¢f fast patrol Loats (FP3's) of ‘the
Federal German Navy in odperations in the Baltic <creates a
special vigilance prctlem. Due to limitations in accomoda-
tion space, the boats have a small conmplement of men, Jjust
sufficient in number to man battle stations, ©but excluding

any watch shifts. A normal operation, preceded by replerish- a
ment of ammunitions, water, and fuel, maintenance work, and ]
tactical briefings during daylight, comnences after sunset ]
and is ccmrleted or terczinated before dawn. Even in the age

cf sorhisticated weapcn and surveillance sys* ., .he darx i

still prcvides the best cover against the FP_'s most feared
rredator, the aircraft. But it is just that t. - interval,
which arcuses major concern about the performance of radar
operators. The introduction of an up-to-date comtat infcrra-

iR

tion system has eased the operators' surveillance task, iut
there are still questions about ;ntolerable decrerments in
operator vigilance, which is crucial through tke whcle -
length c¢f a wmission, especially wunder the expecticn <c¢f
comparatly low signal density for sea surveillarnce 1ir the

Y| YRR

Ealtic in time of tension or armed conflict.

BE. TECHNICAL BACKGRCUND é

Since the FPB's ccmbat information system is designed to
allow the ircorporaticn of user-originated software changes, .
attention has focused on improvements in that sector. Most
likely, the eventual results will be, in human factcrs

P

vocatulary, changes ip signal display, mwmore specificly, in
3

information coding. Other environmepntal lmprovements to

2
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erharce crerator perfcrmance are infeasible in view of tae
iimited space and other restrictions typical for a raval
vessel. Such a set cf conditions rejuires further research
to Jain izsight intc the several possibtilities of izprove-
ment which are available. The one <chosen as a fromising
alternmative was the addition of redundant c¢olour to the
shape <ccding mechanism already in use in the tactical
display. It is the goal of this study to determine whetter
the experditure of the considerable costs of implemernting
such a change can be justified.

The following review covers relevant finédings in Lctkh
vigilance and signal theory to establish a oore thorough
understanding for this combination.

11
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coding ccnéitiorn the subject was to receive, and a test run
cf 00 seconds' length, including 2 sijmnal occurrences.
3. Iine sSchedule ani Questiornaires
Subjects entered the experimerntal laboratory at 5:4%
F.D. tc go through the preparatory demonstratiorn. The
€xperiment ;roper began at 10 p.nm. and ended at 6 a.m. of

the fcllcwing day. Except for breaks, the sukjects remai:zed
ir the experimental tooth. A break was scheduled every two
hours for 15 minutes. Non—~alconholic beverages and sracxs
were cffered, and thke subjects had time to visit the ratn-
Ioo. Before and after the test and 1in every t=Zear the
subjects Lad to fill cut a gquestionnaire referring to their
self-estimated state and performance. The guesticrnnaires

are givern in appendices A1 - A3.

U. Experiment

a. Display

The computer's CRT represented a tactical radar
screen of dimensions 60 x 50 nm with ©precoded informatior
cnly. A simulated situation could contain simultaneocusly up
to four signals and seven symbols ( signals + background
events ). A situaticn was isplayed on the screern withcut
change or interrupticn for an interval of 6 seconds. After
that, symbol positicns were updated according to their
rreviously determined movements ( that could mean disafpgpear-
ance of the signal/sygbol, 1if the new position was outside
the screen boundaries ), a new signal/symtol could re addel
( see Lbelow ), and the new situation was displayed agair.
An 'own-ship' symbol remained in the center of the screen
throughcut the test. Three typical situations at signail

entry are given in aprendices RB1 - B3.

-~ b . TN I, . A
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The independent varialrles wer2 the conditicr and the
time segment, during winich a rparticular siganal occurred,

resulting in the experimental design yiven in taltle Z.

TABLE 2
Experimental Design

Segment 1 2 3 4
Conditicns
Centrcl SubZect Sukject Sub ject Sukject
Condition S1-510 S1-510 S1-510 51-51¢C
Experimental Sub ject Subject Sub ject Sukject
Ccndition 511-520 3$11-520 $11-520 $11-820

Reaction time and accuracy, i.e. number of errors, were the

dependent variables.

2. Preparation

The first part of the subjects' preparation was a
triefing which took flace at least 6 hours before the excer-
iment. It covered the wmotives for and tne goal of the
experimert, information about the shape codes, exglanation
of the display and sigulation of the symbols, and instruc-
tions akout the task, as gJiven 1in the relevant sectioas
within this chapter, without mentioning the different exper-
imental conditions.

The second fart was a short demonstration, taking
Flace 5 to 10 ninutes before the start of the experitert.

It consisted of a self-paced display of tne symbols irn tzae




2. As the identificatorn task reguested reaction to
enery, i.e. red, signals only, a higher wavelerngth
separation of that colcur to the nearest one also iz

P

use (in this case, green instead 0f yellcw) was

considered favourable [Ref. 27] and less likely to
induce errors c¢f coammission.

N T

L. FFOCEDURE .

1. LCesiagn

[
e

There were two possikble treatments in the exzeri-
ment, Loth using the same shape coding mechanisa agairst a

tlack tackcround, with an equal number of subjects in each 3

PSR

treatment group. The ‘operatioral' treatment, henceforth
referred to as the ccntrol copdition, used white syrltols, P~

A

the experimental treatment, henceforth referred tc¢ as the
experimectal conditicno, used coloured symbols with tke
colours red, green, acd blue as redundant codes.

In each condition, six different symbols could be

fresented, of which two (‘'enenmy') were defined as signals,
four ('neutral' and ‘frierdly") as background events.

Appearance of a signal reguired detection and discriminatioa

tetween the two rpossible signals ('aircraft' or ‘'surface

IR
ad R

craft'), i.e. a comtined search- and identification task,
and the afprropriate manual reaction, which will be explaine?
in detail below.

The treatment that a subject received remainedl
unchanged for the entire length of the experiment. Altkough
the sequence and the inter-arrival time of the stimuli were
randomized, the experiment was the same for each subject,
except icr the conditicn differences, this being ensured by

T GO AN

the use c¢f the same randomizatioan procedures. The exgeri-

.

pent was divided by Ltreaks into four time segments of egual

. or

length ard approximately egqual workload, as defined by tre
number of signal occurrences in a segment.

23
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REPRODUCED AT GOVERNMENT EXPENSE

2. Symbols

The presented symbols were either monochromatic with

vhite cclour, or multichromatic with colours red, green, and
tlue as redundant ccdes, both against a black tackgrcurd.
The presentation of the symbols wused in this experiment was
as given in table 1.

‘_.L'ltl-'

TABLE 1
Shape and Redundant Colour Codes for Symbols

.AAA.-AAAA‘_‘_. -

Symbcl Aircraft Surface Craft Colour

Eneay /\ O Red ‘
Neutral m | Green q
Friendly N CD Blue

" ‘LA“‘_; .

The symbols had a width of 0.65 cm and a height of
0.40 ( aircraft ) or 0.65 cm ( surface craft ). Assumirg an

average distance of 75 c¢m between the observer's eye arnd the
screen, the signals subtended a width of 25 minutes of arc,
satisfyjing the technical reguirements for a three-cclcar
display [Ref. 27].

The three-colcur combipnation of red, green, and blue

i

was chosen as preferable to the normally used red-yellow-
green for the following reasons :

1. The code red = eneny, green = neutral, blue =
friendly is ccmmonly vused on coloured plots in the 1
rilitary services of NATO countries, and thus a ’
tpopulation stereotype' for the participating i
sutjects. The logic relation to the task was assuned 1

to be strongest for that combination.

22
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C. AFPABATUS

1. Eguipment

The test device was located inside a scurd-
attenuating and lightproof experimental booth with the
dimensions L = 6v2n, W o= 6'0n, H = 6o, )
Hevlett-Packard HP 9845 C desk-top computer placed on a 20"
high tatle wasg wused for the simulation display and the
response input. The response keys were located on the
keyboard as shown in figure 3. 1.

Oispiay Keys
Eait System Command Keys J Special Function Xeys
/ D | SO 2 |
e | | S | i S e
[ I | KIS | SN | ST = TeAms s T
CoOCaEaED  GCOoCac3 T e

Alphanumernc xXe § Program Contiol Keys

AirCracty Surace

Figqure 3.1 Response FKeys on the Keyboard.

The subjects were seated on an office chair with
height 2C", the back resting against ome wall of the Looth.
The freripheral test devices ( clock and printer ) WeEre
located cutside of the booth.

21
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A. CBJECTIIVE

The ckjective of this experiment was twofold, first, to
collect data on operator performance in a simple mcrnitoring
task during an 8-hour night time interval, and seccnd ,to
search for possible positive effects by the additicr of
redundant colour codes to a currently operational set of
shape codes.

E. SUBJECTS

2C subjects participated in the experiment, nineteen
were military, one a civilian. 18 subjects were pale, two
female. Sukjects belcnged to four different nations, namely
Germany (2), Norway(1), Turkey(2), and United States (19).
Pair matching was used for the 3 smaller groups of different
gender and nationality. The age of the youngest subject was
26 years, that of ttke oldest 42 years. The average age was
32.35 years. The chcsen subjects had previcus experience in
working with displays containing <coded informaticn. A
learning effect durirg the experiment was assumed to be
negligircle.

Nc cases of deficiencies in colour vision were reported
among suljects, and sight anomalies were ruled out as ncn-
€xisting or corrected. None of the subjects reported
medical treatment with drugs that might have impaired their
abilities. All sukjects vclunteer=2d4 and most of then
expressed genuine interest in the experiment. They could be
descrited as hignly mctivated towards their task.

20
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the decremernts that have been observed 1in most vigilarnce
experiments during tke first 30 minutes orf tize c¢n task.
There is some evidence that this decrement may not ke found
in a pure monitoring task [Ref. 12].
2. There seems to be a strong case for the Leneficial
£fects of redundant colour coding in <complex tasks and
under high workloads. However, there 1is no evidence to
suggest similar effects in a simple monitoring task oI
extended length.

3. A very low signal probability, combined with ternmgporal
and spatial uncertainty of signal occurrences, is expected
to have negative influence on both reaction time and accu-
racy. It should be recalled that there is neither a theory
nor data concerning the combination of a *'high' signal trcb-
ability with a lcw background event rate, and its fpossitle
classification.

Proceeding fromn those conclusioans, we expect the

following results frcm the present experiment:

e Operator performance will show further decrements tarough
session duration after the first 30 minutes, documented
by an increase in detection latency (= reaction time) and
a decrease in reaction accuracy (= increase in number of
errors).

e Operator performance will be enhanced by the use of

redundant colour ccdinjy, both in reaction time and accu-
racye.

e« There will be an interaction between treatments ( mono-
vs. pulticoromatic ) and session duration. The applica-
ticn cf the redundant colour coding mechanism is antici-
pated to result ip increasingly beneficial effects.

19
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2. echpical Use of Chrogatic Coding

R S USSR S )

a. Dimensionality

An accerted result of colour research is the

limitation in the nugplter of different colours for identiifi-
| cation tasks. The established maximum in operational aggli-
cations is four, although more colours may be used in ctter
tasks after extensive previous training without negative
€effects cn performance [Ref. 22], [Ref. 27].

i. k. Light Characteristics

Luminance, brightness, contrast, saturation, and )
{ wavelength separation are all found to bLe factors 1in the ;
effects ¢f colour coding. - Although low differences, 1i.e.
weak signals, may be used for subliminal perception cr 71ST i
experiments [Ref. 12], high contrast, saturation , and
wavelength separaticn are reccmmended to enhance search

performance in momitoring tasks [Ref. 24 ], [Ref. 27].

C. Size

In additicn to the factors mentioned, syabol
size is considered t¢ be a deterainant in identification
tasks using colour. {rebs [Ref. 27] suggests a amirizal

el it bt i

symbol width of 20 tc 45 minutes of arc as necessary for
unimpaired visual identification, the size increasing
linearly with the nuster of colours in use.

C. EIPEFINMENTAL HYPCIHESES

Frcm the previcusly presented research results we

ettt ee o SR

conclude the following :

1. Buman performance is liable to show severc decremernts
tetveen 10 p.m. and 6 a.m. due to a low iz Jdiurnal raytrha.
Those decrements will occur imn addition to and later than

18
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1. Non-redundant colour in a search task is sugperior
to all other <codes Ly a wide margin, in an identification
task to mcst others except alphanumeric coding.

2. The effects of redundant colours in an identifi-
caticn task are still undeterminegd, with one experiment in
favour cf colour coding [Ref. 21].

The more recent publications of Wagner [Ref. 22] and
Christ [Ref. 17)] are much more cautious in establishing aa
order and do not suggest a superiority for any particular
code. During the same tinme, oda [Ref. 23], Carter
[Ref. 18], Kopala [Ref. 24], Noble and Sanders [Ref. 25],
and 1luder and Barber [Ref. 26] all reported significant
improvements in perfcrmance of a search task using redundant
colour coding. It must be emphasized, however, that thcse
last experiments included multiple tasks and, in most cases,
extremely high worklcads. A widely used, wmore technically
oriented reference [Ref. 27] states that

color coding will be helpful, if
- The dlsglaz_ls unformatted,
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Symbol legilkility is degraded, and

: - Color codé is logically related to
X crerator's task." "[Ref. 27: p.

? rut admits that colour coding may have a negative effect on
- the symbcl identification tine. In the case of redurndant
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codes, the same authcrs suggest to
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€. Display Lensity

Display density is a synonym for the total

number of symbcls or display when a signal is preserted.

The tera ‘'signal density' refers to the number of signals
4 among tlemn. Generally, increasing display dersity is
. expected to affect reaction times adversely [Ref. 17], +#ith
h strong evidence that the use <c¢f colour codes reduces this

effect ccnsiderably [Ref. 17]), [Ref. 18)]. It must Le ergra-
3 sized, hovever, that the experiments referred to did nct use
a simultaneous signal presentation.

E. SIGNAL DISPLAY

1. Coding Mechapisms and Different Tasks

Additional ccding on radar displays was intrcdacel
to enakle operators tc¢ cope with the increasing workload
placed on them by mcdern information systems. The three
major coding modalities are alphanumeric, shape, and colour.
The gcal of improving efficiency, measured in reaction tinme
and numker of errors, was tested in numerous exreriments.
However, they are far from unanimous in their firdings abcut
the sureriority of a particular code.

The positive c¢r negative effect of a coding mecha-

nism is inseparably related to tte task it is used in ]
[Ref. 1973. ror vigilance experiments using visual disciays i
those tasks have been mostly search and identification. In ;
a search task the sulject knows the type of signal tc¢ expect ‘

and has to locate it cn the screen. For identification the

AAS I

sigrnal type is not kncwn in advance and the task is to find
a target and identify the category to which it belongs.

In 1975, Christ [Ref. 20)] came to the follcwing
conclusicrs in his extensive literature research «c¢n cclcar

ry

coding :

. . e
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cccurrences are nearly as probatle as background everts
{ioe. a 'high' signal probability), but the backgrourd evernt
Iate is very low itself, can be <classified under &igh
signal prcbkability and included ir the mentioned docurts
about its validity.

c. Signal Coumplexity

Signal ccoplexity stands for the dimensionality,
duraticn, pattern, and sequence of signals. Dimensionality,
i.e. tke difference in representation (code) and locaticn of
symbols on the display, is found to bhave a nejative effect
cn performance if it increases [Ref. 1]. An extensive, or
repetitive duration of the signal, like, e.g., in the ofgera-
tional environment of a radar monitoring task, apparently
shifts the emphasis cf the ofperator's perception of the task
from detection of signals to reacton time [Ref. 13)],
[Ref. 147].

Signal pattern and sequence describe spatial anl
temporal relation of sigrnals to background events. A sigrnal
that changes the display by being added to a previous symtol
pattern of other signals and background events in a cecntin-
yous presentation is defined as ‘"simultaneous". Such a
signal cccurrence is considered to be comparable to those in
operational settings, especially monitoring. The reaction
to signals presented like that may develop into what ¥iener
[Ref. 15] calls "inferential monitoring", essentially a
continuous 'no signal'-hypothesis testing by the individual
operator [Ref. 1: p. Z24].

d. Signal Regularity

In addition to the factors described atove,
tempcral and spatial uncertainty, e.g. total randomizaticn,
of signal occurrences on the display are found to have a
negative, possibly even additive influence on reaction
times, the latter on reaction accuracy as well [ Ref. 16].
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underlying constant signal fprobability, those tserved
effects are likely to cccur, but very difiicult tc ckserve.

3. Stimulus Characteristics

A low signal rate is notable in itself, because it
leads us irto the field of theory concerning arousel and

vigilance as a functicn of stipuli. Miller and Mackie list

.

" ... _three critically important characteristics of
stinpuli wused in experiments on vigilance that af
perfcrmance, _namely the background  event rate (3
géanal probability, and signal coaplexity." [ Ref. 1

o8 {71 Hh
UMt

ke hnd e N

s~ M

These topics will be dealt with in the following paragraphs.

a. Background Event Rate

L

The authors conclude that all reviewed exgeri-
ments used high or extremely high BERs compared tc orpera-
tional settings, making generalization difficult. But, tlLey
state, vigilance tlteories concur in predicting that 1low

-,

tackground event and signal rates will lower the mcritcring
locad, and hence tlke levels c¢f arousal and expectancy,
resulting in greater deterioration of performance.

r. Signal Prcbability

A well established result of wvigilance testing

BENDOL | VIR

is that signal probalkility, i.e. the ratio of signal rate to
kackground event rate, is directly related to the frob-

B

ability of detection itself. Thus, a low signal proltability

will 1lead to a reduced detection probability. It is ]
suggested that the signal probability in a vigilance exgeri-
pent should be as low as in ccmparable operational settinjs
if +the experimenter wishes to be able to generalize Lis !
results to that envircament. One question that has not been ?

dealt with 1is whether an experiment in which signal

Fay
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the present experimert. The experiments of C'Hanlon ani
Kelley [Ref. 6], dlein [Ref. 7], and Poultcr [Ref. 8)
confirm the concern about loss of vigilance in s;ite of
grave personal conseguences of inattention, even ir reccg-
nized emergencies.

Cne must exercise caution, however, in assuzirj an

_external validity of these results Zfor this test setting,
tecause all of the studies mentioned above are fiell exjieri-
ments and used a relatively more complex task , €.g. ztue
driving ¢f a motor vehicle, instead of aonitoring.

The important aspect o¢f visual fatigue car only be
menticned, emphasizirg that there are no resul*ts showinj a
definite correlation letween that phenomenon ard dej;radation
in perfcrmance [Ref. 9].

2. Signal Detection Theory ( ISD )

A pmajor gquestion in vigilance research rerains
whether the theory c¢f signal detection is generally appli-
cable or not. It <seems to be especially applicable tc a
monitcring task invclving both decision and discrimication {
[Ref. 1]. Some more specific remarks are, however, neces-
sary. An in-depth 1literature review by Swets [Ref. 10)
Foints out that there is evidence that the normally ctserved
increase in the cbserver's decision <criterion did aoct cccur

in exreriments in which signal occurrences were as [rotatle
as or more probable than background events. A contemporary

gt

experiment by Vickers [Ref. 11] shows that criterior to be
dependent on the difference between a *local' and a curula-
tive signal probakility established by the oltserver.
Teichper [Ref. 12], a major critic, states that the assump-
tion of a subjects' change of the decisicn criterion taseild

- '.'(vr'rvj
L e e

on an acguired knowledge of signal probability is unlikely
- to occur within an experiment. For the case of a very low
: rate, Fut high irregularity of signals, even with an

AL S on A
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II. REVIEW

A. VIGILIANCE

1. Circadian Rhythm and Correlates

Vigilance has been a major concern of humar factors
studies in the past and present. For our special case, an

€ight hours sustained operation, it has been rfound that

" ... with _a few notable exceptions,... (vigilance
. researchers simply have not attempted to measuré what-
i ever performance ~decrements may occur during such tire
: frame." [Ref. 1: p. 49].

= A1l those who make thke attempt have to deal with the phencam-
enon c¢f circadian or diurnal rhythm. Coates [Ref. 2] states
that the extent of performance decrement in sustained ofera-
tions derends on the simultaneous phase of circadian rhythn.

More specifically, we derive from his results that a cpera-
tional phase from dusk to dawn coincides with a worst case
decrement in vigilance performance -of nearly 35 %. The few
existing investigaticas of real world performance in the
csame time frame are even more specific showing a performa:nce
'low' in terms of nunmter of errors at 3 a.m. {Ref. 3] arnd
from midnight to 6 a.m. [Ref. 8], respectively. 3 field
study on vigilance during prolonged night driving [Ref. 5]
concurs with these results. Furthermore, the experimenters
conclude that the decrement found in their case was not ornly
caused Lty previous daily work, but by its combination with
declining diurnal rhythan, monotonous task, and lack of
sleep, all these contributing to a marked deterioraticm of
rerfcrmance even under confrontation with personal danger.

We could hardly find a situation more apt to comparison with

12
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Y. Simulaticrk

Syabol <cltaracteristics were created randorly
with five different randoa draws :
1. Syabcl identityvy (eremy, neutral, or friendly), using a
arifcra distributicn with the probabilities §(eneay) =
0.4, r(neutral) = C.3, and g(friendly) = 3.3

rrobabilities p(aircraft I eneny) = 0.625,

p(aircraft I neutral) = 0.667, and p (aircraft I
friendly) = 0.667.

3. Speced, based on tyre, could vary uniformly betweer 400
and €00 knots for aircraft and 12 and 36 knots zfor
surface craft.

4. Zntry Pcint. First occurrence on the screen was possirtle

only on its boundaries with egqual probability for ali

S. Course. Dependent on the side of the screen on which the
entry occurred, a stimulus' course could vary uniforaly
through the semicircle extending towards the center of
the screen, e.g. for an entry from the ‘'bottoa'! Ifroz
*left' (= 270 degrees ) over ‘'up' ( = 360 deyrees ) to
*right' ( = 90 degrees ).

Speed, entry point, and course were the factors deciding
hovw lcng, i.e. 1in how many 6-seconds-iterations, a symhol
was disglayed on the screen. For aircraft, that time varied
tetween one and three minutes, for surface craft, between S
and 63 minutes.

A sixth random draw at the beginning of each 6-seconds
display interval determined whether the entry of a new stiz-
ulus tock place or nct. The probability of a new entry was

26

2. Symkcl type (aircraft or surface craft), using the ccrii-
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0.02, =setting the exfpected time interval Ltetween entries at

S minutes. An experiment included presentatior «c¢i 33
. signals, distributed with 8, 9, 7, and 9 occurrences ir tae
! . four time intervals, and 59 background events, Jdistrituteid
with 25, 10, 8, and 1€ occurrences, 92 stimuli in all.

¢c. Task

Subjects were required to respond to the apzear-
ance of a signal on the CRT by pressing one button in cne of
two <specified <columns on the keyboard, discriminating
tetween the two possible signals by chosing the respective

column associated witk that signal. They received no Zfeed-
tack as to the accuracy of their discriaination or respcrse.
The rrogram used in the experiment was designed . tc reccrd
cnly the first reaction on a new target and to disregacl

further corrective cr inadvertent input.
The use ¢f a position indicator, e.g. a light E
pen or a marker on the CRT, to associate a reacticn with a

particular signal that had occurred, was considered tc Lbe a
confounding factor with respect to reaction tiae in a vigji-

lance task, and was therefore excluded from the experizent.
Without such an indicator, the recorded reactions could orly
Fe attrituted to the symbol which had appeared most recently
cn the screen.

5. Supervision

P

The program caused the printer to print a warninyg

S, message in the situation that a subject missed a signal in
(- the first interval c¢f appearance, i.e. for 6 seconds. Thi :
was interpreted as a possible indication that the sutject o
had fallen asleep. The experimenter remained in the test
f room, Ltut outside the booth, for the full length of the

experiment. He entered the booth only, if alarmed by the

(o gl o
7]

Ja

rrinted warning message, 30 seconds after the warning.

v v YTy
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6. BRecording

Reaction time and accuracy were recorded automati-
cally by the prograun. At the end of the experiment the
records were transferred to a magnetic tape data file for

-

furtrer use and printed in hard copy for an iarzediate checi.
a. Reaction Time

Reaction time was recorded with an accuracy of

1/10 ¢f a second.
k. Errors

The follcwing errors were recorded :

e Error c¢f Omission. The subject did not react

to a signal until the next stimulus appeared.
This caused a check of the subject in the
booth Lty the experimenter.

e Error of Discrimination. The subject reacteld

‘to the appearance of a signal, but identiiied

it inccrrectly.

e Error of Commission. The subject reacted tc a
non-signal stimulus by pressing a respense
button (*False Alarm').

C. Recording Device

As the response buttons were sensitive to the
lightest touch, there were frequent recordings of inadver-
tent input after appearance of a non-signal stimulus. Those
were easily recognized by their excessive reaction times of,
€.g9., 77 seconds. There was no ambiguous case, which migat

have Leen interpretatle as an error of commission.

28
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A. EERBORS

The main characteristic of the error data was the
performance of a few 'bad watchkeepers' and the high nunmler
of misses in the experimental condition. Errors are listed
Fer sukject in appendices C1 and C2. Summed up, the Jdistri-
tution cf errors was as jJiven in table 3.

TABLE 3
Distributicn of Errors over Conditions

Error : Qmmission Discrimination Commission
Ccntzrcl 1 3 €
Experiment 11 2 S

In view of the wmany ties in the data a nonparametric
rank test seemed the lest choice to test the null hyfpothesis
that

- toth conditions will have the same effects on the numkter

cf errors.

The null hypothesis was tested separately for each of

the three possible types of error. The Marn-Vhitney-test

e

( [Ref. 28: p. 216 ff.] was selected as the most apprcgriate.
In the fcllowing description of test results, X is used as
index for data of the control condition, Y as index for the

Ty
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experimental conditicn. The test results for tahe different
types of errors were as follows
e Errors of Ommissicn. The ranksums were E(X) = 83.% and
R{Y) = 126.5, hence R(Y) was selected for the test. Ihe
null hypothesis was rejected, wita a Tl1-value of 2.008,
significant at tle 0.02-level.

Errors in the experimental condition were distrituted
with 1, 4, - 3, and 3 cccurrences over the fcur time
intervals. Analysis by situations, i.e. Ly format ari
density of the display at the time of signal apfpeararnce
and ty the preceding interarrival time, did not indicate
influences by sratial sigpnal uncertainty, degrees of
disglay density, or different preceding dinterarrcival

times cf signals c¢r backgrouni eveants.

e Exrrcrs of Discrimination. The ranksuamas were R (X) =
109.5, R{Y) = 100.5, R(X) was selected. The null
hypothesis was accepted at the 0.25-level wit: a
T1-value of 0.548.

. .

e Errors of Commission. The ranksums were R(X) = S2.5,
and F(Y) = 117.5
the test. The null hypothesis was accepted at the
0.1-1level with a T1-value of 1.131.

Errors 1in the experimental cordition occurred in the

¢ ':espectively; R{Y) was selected for

first time interval cnly, in the control condition thkey were
distributed with 2, 0, 2, and 1 over the time intervals.

B. REACTIORN TINE
1. General

The recorded reaction tines are shown in figure 4.1

and figure 4.2 on the next page.
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Figure 4.1 Histogram of Reaction Times.
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An insgpection of the data gave —reason to perioraz an cutlier
test. This led to the exclusicn of all reaction times beyoni
10.75 seconds, in all, 9 data points cut of 560, froa the
analysis. The result was a reduction in variance from tha< :

cf the ccomplete data =et to that used in the analysis Lty 65

fercent.

-~ ‘

2. Analysis of Variance for Time and Coplirtior

The data were ordered in a 2x4 block design as shown

in tatle 2 in the previous chapter. The test used for the

aralysis was the 'Analysis-of-<Variance test for factorial

experiments', as given in Winer [Ref. 29: p. 228ff.]. :
The validity of the assumption of homcgeneity Zor '

all variances was established ty perforaing two tests reccz-

| @ mended ty the same author. Both Hartley's F-max-) tesc

. with F = 3.2901 and Cochran's test with C = 0.2227 shoued

the differences between variances to be not significant at

the 0.1-level ( see Arpendix D ).

The results of the analysis of variance are shcwun i
in tatle 4. The level of significance 1is 0.05, if not :
stated explicitly otterwise.

Therefore time was accepted as having arn effect on

tation of trend compcnents [Ref. 29: p. 273f.] showed the

main trend to be linear ( see figure 4.3 ) with SSlin
3.573, or 6% % of the total main effect.

1
.
performance with sigrificance at the 0.001-level. A comru- q
l

There was nc¢ significant difference in the effects ‘
cf the ccntrol and experimental conditions.

The interacticn between time and conditions was not :

!

significant. Althougt figure 4.3 seems to indicate a certain i
change cf trend between conditions ia the last two inter- :

vals, a Newman-Keuls 2ultiple range test [Ref. 29: p. 80]
showed that change tc be not significaant.

-
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© REFRODUCED AT GOVERNMENT EXPemnsE i

TABLE 4
AROVA for Time and Condition

Source Joba BN 4s E(gobt.)
Tize 3 5.1768 1.7256 9.4497
Condition 1 0.0274 0.0274 0.1498
Time x Condition 3 *0.8474 0.2825 1.5469
Suljects 18 21.6396 1.2022 €.5835
Error £4 9.8609 0.1826

Total 79 37.5520

CONTROL (o) AND EXPERIMENTAL (o) CONDITION
@ [iere enesmecimecieen o ceens e et © eeeece eaateesines o saet e st e eeemee
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Pigure 4.3 Cell Means of Tise Segments and Conditions. =
Cifferences between subjects were significant beycnd o
the 0.001-level. i
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As for the errors, an analysis of reaction times by
display characteristics at the time of signal appearance was
rerformed. There was no evidence for negative effects by
temporal or spatial uncertainty of signal cccurrences. For
density, however, exrressed either in the nuaber of signals
{ £igure 4.4 ) or the total number of symbols ( f£igure 4.5 )
on display, inspecticn of the data in graphical rerresenta-
tion showed that both had a recognizable effect over tine
segments, leading to statistical analysis in both cases.
The tests used for the analysis of time and <conditions
[Ref. 29 were applied againm.

a. Analysis of Sigpnal Density versus Conditiors
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Figure 4.4 Effects of Signal Density over Conditions.

The possiltle number of sijnals on display ranged

from cne to four, the 33 situations of =signal occurrernce
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distrituted with freguencies cf 15/1, 1172, S/3, and z/&
cver the different densities. The 2x4 block design used was
similar to that used in the first analysis ( see talkle 2 ),
the main factors now leing sigpral density ani condition. It
should Le emphasized, however, that the analysis 1in this
case was based on an umequal number of data points for the
different ‘'density'-rlocks ( see abhove ).

The differences Letween <c¢ell variances were
found to be not sigrificant at the 0.10-level with a2 F-nmax
of 3.0067 and a Cochran's C of 0.1798 ( see Appendix E ).
The results of the analysis are shown in table 5.

TABLE 5
AROVA for Signal Density and Condition

Source 4F Ss 4s E(okt.)
Signal Demsity 3 4.2027 1.4009 8.5769
Condition 1 0.0015 0.0015 0.0053
S.C. x Condition 3 0.7048 0.2349 1.4383
Sukjects 18 22.3089 1.2394 7.5881
Error €y 8.8200 0.1633

Total 79 36.0379

Signal dersity was <£found to have a main effect
on reaction time, significant beyond the 0.001-level, tut
without a significant linear trend.

The difference in the effects of the conditicns

was insignificant and, actually, statistically hardly
detectable. There was no significant interaction between
the twc factors. Cifferences Letween subjects were again

highly significant.
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Analysis ¢f Display Density versus Conditions
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Pigure 4.5 Effects of Display Density over Conditiceos.

Due to ttke fact that only a few signals cccurred
five blocks were
The first
corresponding disglay
the fifth

above ).

in *'high' ( 5-7 symbcls ) display density,

different densities. four
data

tkrcugh four

the seven
the

of one

used for
blocks contain points with

densities symnbols, tiock

contains all data pcints of 'high'
%ith that adjustment,

cf signal occurrence was 4/1,

density ( see
the distribution of the 33 situations
/2, 6/3, 8/4,
equal than in the case of
of blocks,

this case,

and 8/%+ over

display density, mcre
to the

used for

sigral

density. Due different number a 2x5

design was the analysis in the main
factors teing display density and condition.

Again, the tests for homogeneity of cell vari-
with of

( see Appendix F ).

ances showed no significant differences a F-rax

3J.U428 and a Cochran's C of 0.1587
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The results of the analysis of variance were as

given ir takble 6.

TABLE 6
ANOVA for Display Density amnd Condition

Source dF ss as E(okt.)
Display Density 4 11.9748 2.9937 29.1438
Ccndition 1 0.0117 0.0117 0.1124
D.I. x Condition 4 0.4015 0.1004 0.977
Suljects 18 26.9489 1.4972 14.57¢0
Error 72 7.3960 0.1027

Total 99 46.7327

Display density was found to have a sigrnificant
effect on reaction time with p << 0.001. Comparison of
trend c¢cmponents showed a strong linearity with SSlin =
10.72 (= 90 % ), the linear and guadrhtic trend togetter
accounting for 9S5.6 % of the total sum of squares.

Conditions had no significant effect on reaction
time. There was no significant interaction between the main
factors. Differences between subjects were hijhly sigrifi-
cant reycnd the 0.00S-level.

C. CUESTICNNAIRES

All suljects respcnded to the Juestionnaire, one set of
answers (S 11) was lost.

Nearly all subjects had had an average workload on the
day they participated in the experiment, most of them with
the expectation to wcrk again the next day.
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A1l subjects repcrted a decline of at least one grade
over time in the self-estimation of their pertormance.

Trhe repcrted patterns of sleep/drowsiness and iampaired
visicn were, except fcr one case, exactly the same for toth
conditicrs.

Althcugh &cearly all subjects from the coutrcl
complained about the ©brightness of the sywmbols in tiaeir
comments, ncne of the experimental group d1id.

111 sutjects, however, did complairn atout the heat and
the Lad air in the experimental booth 1in the free-style
comments which were asked for in the last guestionnaire.

All sulbjects estimated the breakxs to have rositive
effects, tut less so from break to break.

Bcth groups reported approximately ejuwal operatcr wozxk-
loads for the same time segments with a sharp increase 1o
rerceived lcad in the last segaent.

A marked difference was found only in the subjects'
answer to the guestién which situation, i.e. signal argear-
ance in.the sinmultanecus display pattern, they had perceives
as the most difficult to react to. This is showrn in taltle 7

Althcugh none of the subjects admitted dJdifficulties in
reacticn or discrimination in the explicit guestionraire
racrt, tkree of the rarticipants in the experiaental ccndi-
tion repcrted a detrimental effect on detectiorn capabilitr
in the ccoments. They attrituted this to an error that they
called 'target fixaticn' and described as a disturbation of
a norsal mcritoring pattern by focusing on and unconscicusly
devoting attenticn tc signals already present on the screen
before a particular signal appeared.
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TABLE 7

Subject Evaluation of most difficult Situation
Situation_on Scree:n Control Experiaent
and Sigpal occurrerce Group Sroup
Single Signal (on clear screen) 5 11
S added to N-S ( nc other S5 ) 10 .2
5 added to other S and N-S 25 22
S = sigpnal , N-S = non-signal (backgjround event)
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APPENDIX C
DISTRIBUTION CF REACTION ERRORS OVER SUBJirTS
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C. Signal Appearance on Screen with other Signals

(circle indicates signal that just appeared)
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B. Signal Appearance c¢n Screen with other Non-Signals 3
(circle indicates signal that just appeared)
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DISPLAY SITUATIONS

A. Signal Appearance on Clear Screen
(circle indicates signal that just appeared)
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Post-test Questionmaire dnderlins right answers

1. Hcw dc ycu feel now ?

. Fully Awake Awake In Between Tired Very TIired

2. Hcw wculd you estimate your ability to drive a car ?

Very Good Good Fair Foor Very Poor

! 3. How wculd you rate your mood ?

(5 = excited =~-- 1 = indifferent )

I 4. Hcw would you rate the target coding mechanism ?
Very Good Gooqd Yedium Poor Very Poor

5. Did you have difficulties in discriminating target iden-

tities ( Hostile, Neutral, Friendly ) ? Yes No

6. Did you have difficulties in discriminating target types

( surface craft, aircraft ) ? Yes No

7. Did you have difficulties with the location of the reac-

| tion keys ? Yes No
€. Comments on the otker side, please

Thank You !1!!
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reak Questioanaire Underline £ignt answers

1. Hcw wculd you rate your performance in the last 2 hours ?

Good Above Average 0.K. Below Average Foor

2. Wrkat did you feel in your perforaance during the last Z

hours ?
Imnprovedent Nc change Decline

3. Did you feel sleefpy or drowsy during the last 2 hours ?

Yes No

4. Did you have ncments of impaired ( blurred ) wvisiorn

during tlke last 2 hours ? Yes No

-

€. How would you rate the toperator workload' in the last =2

hours ? Very High High Medium Low Very Low

6. Which situaticn was most difficult to react orn ?
- Target appearance on emfpty screen after waiting
- Target appearance on screen with other non-targets
‘- Target appearance on screen with c¢ther targets

7. How do you feel pow compared with the time before the

last 2 hcurs ?

8. How would you rate the effect of the last break on your
performance afterwards, i.e. in the last 2 hours ?

( does not apply in the first break )

Very positive Fositive No effect Negative Very
Negative

9. How wculd you rate your present mood ?

( 5 = excited --- 1 = indifferent )
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( APPENDIX A
| QUESTIONNAIRES

Ere—-test Cuestionpnaire Underline right answers

l 1. #when did you get vy today ? :

2. Did you have a nagp today ? Yes No

and, if yes, wher ? :

i 3. Which of the normal meals did you have today ? 4

freakfast Lunpch Dinpner

: 4. How many hours did you work today ? __ Hrs

b 5. When did you stop workimg teday ? : s

§ 6. When do you expect to start work tomorrow ?

7. Hew weculd you describe your workload for today ?
& Very High High Medium Low Very Llow
b
- 8. How is your expected workload for tomorrow ?
Very High High Medium Low Very Low
! 9. Do you expect to start a major task tomorrow ? Yes No

10. How would you rate your present mood ?

( 5 = excited =--- 1 = indifferent )
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. D. RECCMMENDATIONS FCR PUBRTEHER RESEARCH

Lk B 4

It must be emphasized that this experiment dealit orly

with one of a multitude of possible sets of alternate ccrndéi-

U §

tions. The answers and comments of the guestionnaire are
cre of the main sources to prcceed to the ratioral develcp-
ment cf rew exfreriments.

In tke case of the control condition, i.e a moncchro-

AN -

matic display, there are two definite paths visible. The
first deals with different, non-white colours, whick can te

fl

Ty e

€evaluated with respect to their power of arousal and, on tkLe

other hand, 1its effects on eye fatigue, a still oren
research topic itself. The other involves experimenting with
the infirite spectrum of light characteristics, e.g. brigkt-
ness and saturation of colour, with similar goals.

Fcr the experimental condition, the multichreratic
display, there remains the unsolved question about the high
number of errors. This problem should be examined ard its

Ly

presence verified. Csing the only hint available from scoe
questicrnnaires, the phenomenon of 'target £fixation', not
known under these circumstances, should bte reviewed. 1Two
applicable types of experiment <can involve breaking the
attenticn devoted tc the moritoring by either seccrdary
tasks, or tyv artificial stimuli.

Ccomon to both <conditions was the very low <crerator

.,vwvfr,,r—-.“
n‘-n'-"

worklcai. Although there is growing concern akout investi-
gating the ‘'underload'-situation, most experimenters seecm to

prefer test conditicns with high or maximal wcrklcads,

[ ]

r combining a larger number of analyzable responses with a
shorter task duration. The results of this exfperinpent
emphasize the concerr that the effects of low wcrkloads

e deserve more attenticn and research efforts.

¢
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Seclusion ir the exgerimental ©ocott was chosen,

[PPSR

Pt "ot T

}-"
-

E among otker reasons, to keep the 'reinorcement' by fresernce
3 of a supervisor or, in this case, his absence, egual Zcr ail
subjects. That situation 1is not typical for arn orerator's
work in a CIC, which is rcutinely supervised by his

superiors.

2. sappl

The subjects cf both groups were taken from a very
special population. The students attending courses at tre
Naval Postgraduate Sctool have passed rigorous training ani
selection in their previous careers. They represernt - and
probakly consider thezselves - an elite among their feers,
anrd they are highly motivated towards both their Gpresent
acaderic and future military tasks. A more ‘'normal' pcpula-
tion might present greater diffi~ulties in motivationr due to
less prcfessional attitude, ability to imagine a contat
threat situation, and personal initiative.

3. Experiment

The desk-tofp computer used in the experiment has

features rather different from those of a surveillance radar 2

*
U
Pty

console. The screen is very small in comparison to that of

a surveillance radar, and the response keys were neither ~:
labeled nor illuminated, as they are in the operational ,f
< setting, e.g. a CIC. The small size of the screen, on the ;?
; other hand, prevented confounding errors due to a hucman's ‘;
9 weakness in peripheral colour perception, especially for fj
E red. Lack of technical feedltack, 1like the indicatcr for ;;
L target acguisition <¢n a radar screen, was another factor }i
reducing the subjects' reinforcement. ';
-
.
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The case made for the influences of irrelevart cclcur
does, of course, not apply in the operational setting. The
difference between neutral and <£riendly forces is cguite
relevant, and a hostile craft represents a tareat and has to
te watched as long as it is on display.

Last, kut not least, the guestion about the validitv of
this experiment, influenced by its deviations from the £fieid
setting, deserwes a mcre explicit answer.

C. ILIMITATIONS OF TEE EXPERIMENT

1. Environment

A major goal of this experiment was to achieve a
bhigh degree of wvalidity for operational «concerts ty the
duration of the experizental session and the seclusicr of
the sulbjects. The cperational environment of a ship's CIC
could, cf course, not be totally duplicated.

The subjects' general complaint about heat stress
and sleeriness due t¢ bad air in the booth shows that at
least scme environmental stress came to bear. In the case ¢f
heat, however, the influence may have been enhancing rather
than detrimental [Ref. 31). lack of oxyger is irotatly rnot
a factor in modern, air conditioned shipborrne CICs.

Cther environpental stress factors of wcrk akocré a
ship like motion, noise, and vibration could, Lowever, rot
re simulated due to limitations in equipment. From the
author's own experience, moticn sickness must te considered
as a majcr concern on small units, especially in prolcnged
monitcring tasks in a CIC environment. Strong high-frecuency
vibraticns, norsally very distinct aboard TFP?B's due to the
high ratio of engine space in relation to the size <cf the
toat, «can bte a factcr with ambiguous influences, +too, as
vibrations can arous€ a subject's attention as well as they
can put hiz to sleep.
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above [Ref. 18] or, in one wexperiment with simultaneous
signal aprearances [Fef. 30], at a density level of 16
symbols. This points again to¢ the concern about generaliz-
ability c¢f other results towards low worklcad experiments.

B. OFERATICNAL IMPLICATIONS

From the point <cf view expressed in the initial ofera-
tional setting, two results seem to be important.

1. The use of redundant colour codes dces not result in
a significant improvement of fperformance, i.e., in tiis
case, reduction of decrement. On the other hLand, the high
number of ommissional errors raises serious guestions about
hidden disadvantages. The importance cf that result canrcot
be expressed in its statistical significance only. An ogera-
tional estimate would attribute a much higher value to atr
error of ommissicn than to either of the other twc tyres of
€rror. A missed reaction in 3.3 % of all cases of target
appearances would be unacceptable in all operational missicn
scenarios.

2. Although time, i.e. task duration, was fournd to have
a significant effect on reaction time, there was no evidence
for a definite 'low' in operator performance, the decrement
teing much more linear over time than initially expected,
and the average reaction times would be acceptable in an
operational environment with an up-to-date hostile threat.
This result is reassuring in view of the initially exrpressed
concern about lows or gaps in operator performance under the
time ccnstraints used in this experiment.

The 'underload'-ccndition must be considered as ncrral in
a sitvation with pre-conflict or conflict environments at
sea for aprroximately 95 % of the time, and it deserves
corresronding attenticn in further design.
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2. FLheaction Times

—— i ——— —— C————— —

Although sore subjects showed the expected vigilarce
decrements ¢f the first 30 minutes, there was no overall
significance. The effect of duration on reactiona tire was
significant, but lcwer than exfpected from results of irnves-
tigations dealing with the sasze time Zranme.

The experimental condition did not show the expected
Fositive influence versus the control condition. Alttough
the relaticn in the last interval is perceptibly different
from the others, data are too few to support establishing a
hypothesis about a negative trend in the control condition.
The turnaround of tite difference in that interval may have
teen <caused by increasingly higher eye fatigue in the
contrcl condition, 1indicated Lty the Jgeneral comglaint abcut
the high trightmess of the display 1in the <correspcrding
grour of subjects.

The absence cf differences between the mean reaction
times of the two conditions, against our expectatiors tased
cn the results of 0da [Ref. 23] and Kopala [Ref. 24], 1night
e explained by expanding on the previously mentioned argu-
ment c¢f irrelevant cclours. The second part of the task was
discrimination, i.e. reaction to a shape-coded infcrmaticn,
and reaction time ip the experimental condition may have
suffered from the detrimectal effect of irrelevancies in the
redundant colour coding mecharism. The fact that all recent
€experiments reporting berneficial effects of redundant cclcur
coding used a high or very high operatecr workload, and the
contrast of their results with the one presented above raise
Serious questions altcut the generalizability of tke fcrmer
to an ‘*underload'-situation.

The significart effects of both signal and display
density are unexpected at this relatively low level of

density, as coaparakle effects .. ¢ been observed cnly :far
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Wwhile the redundant cciour codes of the backc¢round
events had a well-defined logic relation to the respective
shape-coded symbols, they might be considered irrelevant, as
there was no demand c¢cn the subject to discriminate letween
them. This can, however, hardly be used as an explaration
for the pumber of c¢mmissions. All available research
results [Ref. 26] point to the conclusion that irrelevant
colour ceding has a negative effect on the processing of
achromatic coded infcrmation, rrobably due to the diiferent
(parallel vs. serial) human processing mechanisams for tkose
codes. Detection in the experimental conditiorn, hcewever,
required processing c¢f chromatic coded information.

The only aprlicable information are the questicn-
naire ccrments about 'target fixation' in the experirmental
conditior. Although the description of this erroneous benav-
iour sounds logical and seems to appeal to 'cozmorn sernse',
it is not supported ty the ccmparison of reaction times of
selected situations with signal appearances spatially eittler
very close to or very far from already displayed sigrnals.
It could be hypothesized, however, that in this context ac
'0ld' signal's redundant colour (red) was not only irrele-
vant, tut distracting, as it gave an 'atten*ion'- specifica-
tion to something that had been dealt with already fror the
aspect of the response task.

Cccurrences c¢f either of the two other tyres of
error were peither significantly different over the two
conditiors nor unexpectedly high. The teaporal distribution
of errcrs of commission does not indicate an increase over
time, as would be expected from £field experiments with
comparalkle time frames [Ref. 3], [Ref. 4]. On the contrary,
there seems to be a pcssible 'learning effect' in the exper-
imental condition.
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V. DISCUSSION

A. EVALUATION OF RESULIS
1. Errors

The most prcminent result was the high nugber of
missed signals in the experimental condition. It sihculd be
noted that the opumber of ommissions is 1ot attrikutable to
cne or two bad perfcrmers; 50 % of the subjects ir the
experimental conditicn missed at least one target ( see

figure 5.1 ).

CONTROL CONDITION EXPERIMENTAL CONDITION

RCACTION TIME IN SLC.

RCACHON TIME IN SEC.

Figure 5.1 Bespcnse Surface (Plateau = Omission).

There 1is ro comparatle evidence from other experiments
dealing with monitoring tasks that substantiate this result.
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APPENDIX D
BOXPLOT OF CELL VYARIANCES FOR ANOV2 1
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